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input of comparttorJ16, thereby lowering the switch 
current trip level - and shortening the duty cycle of 
switch 110. When the voltage tt terminal Vswdoes not 
exceed the voltage at V/.vby at least the efTectivc break- 

5 down voluge of variable zener diode 130, transistor 820 
does not conduct* and transistor 520 b turned off. At the 
same time, current source 522. shown in FIG. 5. pro- 
vides a current of approximately 30 pA to the V input 
of comparator 116 which causes the voltage at the V 

10 input to increase, thereby raising the switch current trip 
level and consequently lengthening the duty cycle of 
switch 110. 

While preferred embodimenu of the invention have 
been set forth for purposes of the disclosure, modifica- 
15 tion of the disclosed embodiments may occur to those of 
skill in the art. For example, while the multi-function 
terminal feature of the present invention has been dis- 
closed in the context of an integrated circuit for use in 
implementing a current-mode switching voltage regula- 
20 tor, it will of course be understood by those of skill tn 
the art that the invention may be employed to imple- 
ment a 5-tenninal integrated circuit for use with volt- 
age-mode switching voluge regulator topologies hav- 
ing a tnicro-power sleep mode capability. 
25 Thus, a switching voltage regulator circuit including 
control circuitry, driver circuitry and a power switch- 
ing device, capable of being implemented as an inte- 
grated circuit requiring only five terminals having mul- 
tiple functions, including micro-power mode shutdown 
30 circuitry, and operable in a normal feedback mode as 
well as in an isolated flyback mode, has been disclosed. 
The invention can readily be packaged in a 5-pin power 
transistor integrated circuit package. One skilled in the 
art will appreciate that the present invention can be 
35 practiced by other than the described embodiments, 
which are presented for purposes of illustration and not 
of limiutioik, and the present invention is limited only 
by the clainos which foDow. 
What is claimed is: 
40 1. An integrated circuit for use in a switching voltage 
regulator circuit, the switching voltage regulator cir- 
cuit providing a regulated voltage output at an output 
terminal, the integrated circuit including internal drive 
circuitry, a power switching transistor and control cir- 
45 cuitry for varying the switching duty cycle of the 
switching transistor, the integrated circuit having at 
most five terminals including an input terminal, an out- 
put terminal a ground terminal and first and second 
function terminals for connection to discrete external 
50 components to implement the switching voltage regula- 
tor circuit, the integrated circuit comprising: 

first means connected to one of the ftinction terminals 
for accepting a feedback signal from the output of 
the switching voltage regulator circuit and for 
$5 enabling the integrated circuit to operate in a first 
mode to regulate the output of the switching volt- 
age regulator by varying the duty cycle of the 
switching transistor as a function of the magnitude 
of the feedback sigiud; 
60 second means connected to the input and output ter- 
tninals for enabling the integrated circuit to operate 
in an isolated flyback mode to regulate the output 
of the switching voluge regulator circuit as a func- 
tion of a feedback voluge developed across a pri- 
65 mary winding of a discrete external transformer; 
and 

mode select means cormected to one of the function 
terminals and to said first and second- means to 
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disable the first means and to enable the second 
means in response to a disable signal applied to that 
function terminal by the discrete components. 
2. An integrated circuit for use in a switching voluge 
regulator circuit providing a regulated output voluge, 3 
the integrated circuit having internal drive circuitry, a 
power switching transistor and control circuitry for 
varying the on and off switching duty cycle of the 
switching transbtor, and further having an input termi* 
nal. an output terminal, a ground terminal and first and 10 
second function terminals for connection to external 
components, the integrated circtiit comprising: 

first means connected to the first function terminal 
and to the control circuitry for accepting a first 
feedback signal indicative of the regulated output IS 
voluge, and for enabling the integrated circuit to 
operate in a normal feedback mode to regulate the 
regulated output voluge by varying the duty cycle 
of the switching transistor as a function of the mag- 
nitude of the first feedback signal; 20 
second means connected tb the input and output ter* 
miiuls and to the control circuitry for accepting a 
second feedback signal between the input and out- 
put terminals indicative of a volUge developed 
across a winding of an external transformer, and 25 
for enabling the integrated circuit to operate in a 
fully isolated flyback mode to regulate the regn* 
lat^ output voluge as a function of the magnitude 
of the second feedback signal; and 
third means connected to one of the function tenni- 30 
nals and to said first and second means to disable 
one of the first and second means and to enable the 
other in response to a control signal applied to that 
function terminal by external components. 

3. The integrated circuit of claim 2, wherein said first 35 
means includes: 

means for producing a first reference signal; and 
means for detecting a difference between the first 
feedback signal and the first reference signal, and 
for generating an error signal indicative of that 40 
difference; 

and wherein the control circuitry mcludes: 
means for comparing the error signal to a signal indic- 
ative of the magnitude of current conducted by the 
switching transistor; and 45 
means responsive to said comparing means for turn- 
ing off the switching transistor when the current 
magnitude signal exceeds the error signaL 

4. The integrated circuit of claim 2, wherein said 
second means includes: 50 

means responsive to the second feedback signal for 
generating an error signal indicative of a diflerence 
between the second feedback signal and a predeter- 
mined threshold signal level; 

and wherein the control circuitry includes: 55 

means for comparing the error signal to a signal indic- 
ative of the magnitude of current conducted by the 
switching transistor, and 

means responsive to said comparing means for turn* 
ing off the switching transistor when the current 60 
magnitude signal exceeds the error signaL 

5. The integrated circuit of claim 2, wherein said first 
means includes: 

means for producing a fu^t reference signal; and 
means for detecting a difference between the first 65 
feedback signal and the first reference signal, and 
for generating a first error signal indicative of that 
difference; 
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wherein said second means includes: 

means responsive to the second feedback signal for 
generating a second error signal indicative of a 
difference between the second feedback signal and 
5 a predetennined threshold signal level; 

and wherein the control circuitry includes: 

means for receiving the first and second error signals, 
for comparing at any given time one of the fu^t and 
second error signals to a signal indicative of the 
10 magnitude of current conducted by the twitching 
transistor, and 

means responsive to said comparing means for turn* 
ing off the switching transistor when the current 
magnitude signal exceeds the compared one of the 
15 first and second error signals. 

6. The integrated circuit of claim 3, wherein said 
means for generating an error signal includes a differen* 
tial amplifier having a first input for receiving the feed- 
back signal and a second input for receiving the first 

20 reference signaL 

7. The integrated circuit of claim 4, wherein said 
means for generating the second feedback error signal 
includes: 

an amplifier having a first input connected to one of 
25 the input and output terminals; and 

means connected to a second input of said amplifier 
and to the other of the input and output tenninals 
for csublishing a threshold voltage, whereby a 
voltage differential is established across the inputs 
30 of the amplifier when a voltage difTerence between 
the input and output terminals exceeds the thresh- 
old voluge. 

8. The mtegrated circuit of claim 7» wherein said 
means for cst^lishing a threshold voltage includes a 

35 zener diode. 

9. The integrated circuit of claim 8» wherein said 
zener diode has a zener breakdown voltage, and 
wherein said means for establishing a threshold voluge 
further includes: 

40 means for establishing a trimming voltage in series 
with the zener breakdown voluge such that at least 
a part of the threshold voluge is comprised of the 
sum of the trimming and zener breakdown volt- 
ages; and 

45 means connected to said means for establishing a 
trimming volUge, and to one of the function termi- 
nals, for varying the trimming volUge in response 
to a signal at that function terminal, thereby vary- 
ing the threshold volUge. 
50 10. The integrated circuit of claim 9, wherein said 
means for varying the trimming voluge is connected to 
the first function terminaL 

11. The integrated circuit of claim 10. wherein: 
said means for esublishing a trimming voluge com- 
55 prises a resistor, and wherein 

said means for varying the trimming volUge varies a 
current conducted by said trimming voluge resis- 
tor as a function of a current conducted by the first 
function terminal. 
60 12, The integrated circuit of claim 11, wherein the 
current conducted by the first function terminal is csub- 
lished at least in part by external components connected 
to the first function terminaL 

13. The integrated circuit of claim 12, wherein the 
65 extenud components connected to the first function 

terminal mcludes a resistor connected- to ground. 

14. The integrated circuit of claim 2, wherein said 
third means u connected to the first function terminaL 



21 

15. The integrated circuit of claim 14, wherein the 
control signal is a current, and wherein said third means 
includes: 

means for sensing the current conducted by the first 
function terminal; and 5 

means responsive to said sensing means for disabling 
said fust means and enabling said second means 
when the current sensed by said sensing means 
exceeds a predetermined threshold current. 

16. The integrated circuit of claim 2, wherein said 10 
third means is connected to the first function terminal, 
and wherein the integrated circuit further comprises: 

fourth means connected to the control circuitry and 
to the second function terminal for performing at 
least two of: 15 

(a) frequency compensating the bteg rated circuit, 

(b) limiting the peak current conducted by the 
switching transistor, 

(c) variably limiting the current conducted by the 
switching transistor as a function of time, and 20 

(d) shutting down the integrated circuit, whereby 
the current drawn by the integrated circuit it 
reduced. 

17. The integrated circuit of claim 16, wherein said 
fourth means includes: 23 

means for generating a signal indicative of the magni* 
tude of current conducted by the switching transis- 
tor, 

means connected to at least one terminal of the inte- 
grated circuit for sensing a feedback signal from 30 
the discrete components indicative of the magni- 
tude of at least one of the regulated output voltage 
and the voluge developed across the winding of 
the external transformer, and for generating an 
error signal indicative of the difference between 33 
the feedback signal and a reference signal; 

means for comparing the error signal to the current 
magnitude signal, and for turning off the switching 
transistor when the current magnitude signal ex- 
ceeds the error signal; and 40 

means for applying the error signal to the second 
function tenxunal, whereby the magnitude of the 
error signal may be 'controlled by a network of one 
or more external components connected to the 
second function terminaL 43 

18. The btegnted circuit of claim 17, wherein the 
network of external components connected to the sec- 
ond function terminal includes a frequency compensat- 
ing capacitor. 

19. The integrated circuit of claim 17, wherein the 30 
network of external components connected to the sec- 
ond function terminal includes a frequency compensa- 
tion capacitor in series with a resistor. 

20. The integrated circuit of claim 17, wherein the 
network of external components connected to the sec- 55 
ond function terminal prevents the error signal at the 
second function terminal from exceeding a predeter- 
mined maximum level, thereby limiting to a maximum 
peak value the magnitude of current conducted by the 
switching transistor. 60 

21. The integrated circuit of claim 20, wherein the 
network of external components establishes a predeter- 
mined maximum voltage at the second function termi- 
naL 

22. The integrated circuit of claim 17, wherein the 65 
network of external components connected to the sec- 
ond function terminal variably controls the volUge at 
the second function terminal as a function of time. 



« t 



22 

thereby vmiiably limiting &s a function of time the cur- 
rent conducted by the switching transistor 

23. The integrated circuit of claim 22, wherein the 
network of external componenu for variably control* 

3 ling the voltage at the second function terminal in- 
eludes: 

a resistor connected between a first node and a sec- 
ond node; 

a capacitor connected between the second node and 

10 the ground terminal; and 

means connected between the second node and the 
second function terminal for applying at least a 
portion of a voluge at the second node to the sec- 
ond function terminal, such that the voltage at the 

IS second function terminal upon application of a 
voltage at the first node gradually increases with 
time to gradually increase the current conducted 
by the switching transistor. 

24. The integrated circuit of claim 17, the integrated 
20 circuit further having voluge regulator circuitry for 

providing a regulated voluge to at least portions of the 
internal drive circuitry, and wherein said fourth means 
further includes: 
means for producing second reference signal; 
25 means for comparing the second reference signal to a 
shutdown control signal applied to the second 
function terminal by the external components, and 
for generating a shutdown signal when the second 
reference signal and the shutdown control signal 
30 differ by a predetermined amount; and 

means responsive to the shutdown signal for disabling 
at least the voluge regulator circuitry, thereby 
shutting down and reducing the current drawn by 
the integrated circuiL 
35 25. The integrated circuit of claim 24, wherein the 
shutdown control signal is a voluge, and wherein: 
said means for producing a second reference ugnal 
includes a diode having a furst forward voluge 
drop; and wherein 
40 said means for comparing the second reference signal 
to the shutdown control signal indtules a transistor 
having a base-emitter circuit connected between 
said diode and the second function terminal, the 
base-emitter circuit having a second forward volt* 
45 age drop which differs from the fust forward volt* 
age drop, and said transistor being adapted to dts* 
able the voluge regulator circuitry when the shut* 
down control signal voluge at the second function 
terminal is less than the difference between the first 
50 and second forward volUge drops. 

26. An integrated circuit for use in implementing a 
switching voluge regulator providing a regulated out- 
put voluge, the integrated circuit having a power 
switching transistor, circuilry for driving the switching 
35 transistor and control circuitry for varying the on and 
off switching duty cycle of the switching transistor, and 
further having for connection to external componenu 
an input terminal, an output tenninal, a ground terminal 
and a function terminal, the integrated circuit compris- 
60 ing: 

Hrst means connected to the function terminal and to 
the control circuitry for accepting a first feedback 
signal indicative of the regulated output voluge, 
and for enabling the integrated circuit to operate in 
63 a norma] feedback mode to regulate the regulated 
output voluge by varying the duty cycle of the 
switching transistor as a function of the magnitude 
of the first feedback signal; 
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second means connected to at least one of the tenni- 
naJs and to the control circuitry for accepting a 
second feedback signal indicative of a voluge de- 
veloped across a winding of an external traaa- 
fonner, and for enabling the integrated circuit to 9 
operate in a fuUy isolated flyback mode to reguUte 
the output voluge as a function of the magnitude of 
the second feedback signal; and 

mode select means connected to the function terminal 
and to said first and second means to disable one of 
the first and second means and to enable the other 
in response to a mode select control signal applied 
to the function terminal by external componenta. 

27. The integrated circuit of claim 3^ wherein said 
first means includes: 

meant for producing a first reference signal; and 
means for detecting a difTerence between the fint 
feedback signal and the first reference signal, and 
for generating an error signal indicative of that 
. difference; 
and wherein the control circuitry includes: 
means for comparing the error signal to a signal indie* 
ative of the magnitude of current conducted by the 
switching transistor, 25 
means responsive to said comparing means for turn- 
ing off the switching transistor when the current 
magnitude signal exceeds the error signaL 

28. The integrated circuit of claim 26, wherein said 
secoiu] means includes: 

means responsive to the second feedback signal for 
generating an error signal* indicative of a difference 
between the second feedback signal and a predeter- 
mined threshold signal level; 

and wherein the control circuitry includes: 35 

means for comparing the error signal to a signal indic- 
ative of the magnitude of current conducted by the 
switching transistor, and 

means responsive to said comparing means for turn- 
ing off the switching transistor when the current 49 
magnitude signal exceeds the error signaL 

29. The integrated circuit of claim 76^ wherein said 
first means includes: 

means for producing a first reference signal; and 

means for detecting a difference between the first 45 
feedback signal and the first reference signal, and 
for generating a first error signal indicative of that 
difference; 

wherein said second means includes: 

means responsive to the second f ee dba c k signal for 30 
generating a second error signal indicative of a 
difference between the second feedback stgtxal and 
a predetermined threshold signal level; 

and wherein the control circuitry includes: 

means for receiving the first and second error signals, 33 
and for comparing at any given time one of the first 
and second error signals to a signal indicative of the 
magnitude of current conducted by the switching 
transistor, and 

means responsive to said comparing means for turn* 60 
tng off the switching transistor when the current 
magnitude signal exceeds the compared one of the 
first and second error signals. 

30. The integrated circuit of claim 27, wherein said 
means for generating an error signal includes a differen- 65 
tial amplifier having a first input for receiving the first 
feedback signal and a second input for receiving the first 
reference signaL 
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31. The circuit of claija 28. wherein taid means for 
generating the second feedback error signal includes: 

an ampuner having a first input connected to one of 
the input and output terminaJs; and 

S means connected to a second input of said amplifier 
and to the other of the input and output terminals 
for csubtishing a threshold voluge, whereby a 
voltage difTerential is esublished across the inputs 
of the amplifler when a voltage difference between 

10 the input and output terminal exceeds the thresh- 
old voluge. 

32. The circuit of claim 51» wherein said means for 
establishing a threshold voluge includes a zener diode. 

33. The circuit of claim 32, wherein said xener diode 
15 has a zener breakdown voltage, and wherein said means 

of esublishing a threshold voluge further includes: 
means for csublishing a trimming voluge in series 
with the rener breakdown voluge such that at least 
a part of the threshold voluge is comprised of the 
20 sum of the trimming and zener breakdown volt* 
ages; and ' 
means connected to said means for establishing a 
trimming' volUge, and to the function terminal* for 
varying the trimming voluge in response to a sig- 
25 nal at the function terminal, thereby varying the 
threshold voluge. 

34. The circuit of claim 33 wherein: 

said means for esublishing a trimming voluge com- 
prises a resistor, and wherein 
30 said means for varying the trimnung voluge varies a 
current conducted by said trimming voluge rests- 
tor as a function of a current conducted by the 
function terminaL 

35. The circuit of claim 34, wherein the current con* 
35 ducted by the function terminal is established at least in 

part by external components connected to the function 
terminaL 

36. The circuit of claim 35, wherein the external com- 
p^enu connected to the function terminal include a 

40 resistor connected to ground. 

37. The circuit of claim 26, wherein said mode select 
means b connected to the function terminal. 

3S. The circuit of claim 37, wherein said mode select 
means includes: 
45 means for senung current conducted by the function 
terminal; and 
means responsive to said sensing means for disabling 
said first means and enabling said second means 
when the current sensed by said sensing means 
50 exceeds a predetermined threshold currenL 

39. The circuit of claim 3S, wherein the function 
terminal is connected to external components adapted 
to conduct a current which exceeds the threshold cur- 
rent. 

55 40. An integrated circuit for use in implementing a 
switching voluge regulator providmg a regulated out- 
put voluge, the integrated circuit having a power 
twitching transistor, circuitry for driving the switching 
transistor and control circuitry for varying the on and 
60 off switching duty cycle of the switching transistor, and 
further having at most five terminals for connection to 
external componenu consisting of an input terminal, an 
output Urminal, a ground terminal and first and second 
function terminal, the integrated circuit comprising: 
65 first means connected to the first 'function terminal 
and to the control circuitry for accepting a first 
feedback signal indicative of the regulated output 
voluge, and for enabling the integrated circuit to 
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operate in a normal feedback mode to regulate the 
reguJated output voltage by varying the duty cycle 
of the switching transistor as a function of the mag* 
nitude of the first feedback signal; 

second means connected to at least one of the input 9 
and output terminals and to the control circuitry 
for accepting a second feedback signal indicative of 
a voluge developed across a winding of an exter- 
nal transformer, and for enabling the integrated 
circuit to operate in a fully isolated flyback mode to 1^ 
regulate the regulated output voltage as a function 
of the magnitude of the second feedback signal; 

mode select means connected to the first function 
tenninaJ and to said fu^t and second means to dis- 
able one of the first and second means and to enable 
the other in response to a mode select control tig- 
nal applied to the first function terminal by eitemal 
components; and 

means connected to the control circuitry and to the 
second function terminal for enabling the switch- ^ 
ing voltage regulator circuit in response to signals 
applied to the second function terminal by a net- 
work of external components to be frequency com- 
pensated. 

41. The integrated circuit of claim 40, wherein said 
first means includes: 

means for producing a first reference signal; and 
means for detecting a difference between the first 
feedback signal and the first reference signal* and ^ 
for generating an error signal Indicative of that 
difference; 

and wherein the conuol circuitry includes: 
means for comparing the error signal to a signal indic- 
ative of the magnitude of current conducted by the 35 
switching transistor, and 
means responsive to said comparing means for turn- 
ing off the switching transistor when the current 
magnitude signal exceeds the error signaL 

42. The integrated circuit of claim 40, wherein said 4^ 
second means includes: 

means responsive to the second feedback signal for 
generating an error signal indicative of a difference 
between the second feedback signal and a predeter- 
mined threshold signal level; 45 

and wherein the control circuitry includes: 

means for comparing the error signal to a signal indic- 
ative of the magnitude of current conducted by the 
switching transistor; and 

means responsive to said comparing means for turn- 30 
ing off the switching transistor when the current 
magnitude signal exceeds the error signaL 

43. The integrated circuit of claim 40, wherein said 
first means includes: 

means for producing a first reference signal; and 35 
means for detecting a difference between the first 
feedback signal and the first reference signal, and 
for generating a first error signal indicative of that 
difference; 

wherein said second means includes: 60 
means responsive to the second feedback signal for 
generating a second error signal indicative of a 
difference between the second feedback signal and 
a predetermined threshold signal level; 
and wherein the control circuitry includes: 63 
means for receiving the first and second error signals* 
for comparing at any given time one of the first ai»d 
second error signals to a signal indicative of the 
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magnitude of current conducted by the switching 
transistor; and 
meuis responsive to said comparing means for turn- 
ing off the switching transistor when the current 
S magnitude signaJ exceeds the compared one of the 
first and secood error signals. 

44. The integrated circuit of claim 40, wherein said 
means for generating an error signal includes a differen* 
tial amplifier having a Hrst input for receiving the first 

10 feedback signal and a second input for receiving the first 
reference signaL 

45. The circuit of claim 42, wherein said means for 
generating the second feedback error signal includes: 

an amplifier having a first input connected to one of 
15 the input and output terminals; and 

means connected to a second input of said amplifier 
and to the other of the input and output terminals 
for establishing a threshold voltage, whereby a 
voluge differential is esublished across the inpuu 
20 of the amplifier when a voluge difference between 
the input and output terminals exceeds the thresh- 
old voluge. 

46. The circuit pf claim 45, wherein said means for 
esublishing a threshold voluge includes a zener diode. 

25 47. The circuit of claim 46, wherein said zener diode 
has a zener breakdown voluge, and wherein said means 
for esublishing a threshold voluge further includes: 
means for esublishing a trimming voluge in series 
with the zener breakdown voluge such that at least 
30 a part of the threshold voluge is comprised of the 
sum of the trimming and zener breakdown volt* 
ages; and 

means connected to said means for esublishing a 
trimming voluge, and to one of the function termi* 
35 nals, for varying the trimming volUge in response 
to a signal at that function terminal, thereby vary* 
ing the threshold voluge. 

48. The circuit of claim 47, wherein said means for 
varying the trimming voluge is connected to the first 

40 function terminaL 

49. The circuit of claim 48, wherein: 

said means of establishing a trinuning voluge com* 
prises a resistor, and wherein 

said means for varying the trimming voluge varies a 
45 current conducted by said trimming voluge resis- 
tor as a function of a cxirrcnt conducted by the fust 
function terminaL 

50. The circuit of claim 49, wherein the current con* 
duct^ by the first function terminal is established at 

50 least in part by external components connected to the 
first function terminaL 

51. The circuit of claim 50, wherein the external com- 
ponents connected to the first function terminal include 
a resistor connected to ground. 

55 52. The circuit of claim 40, wherein said mode select 
means b connected to the first function terminaL 

53. The circuit of claim 40, wherein said mode select 
means includes: 
means for sensing current conducted by the first func- 
60 tion terminal; and 

means responsive to said sensing means for disabling 
said first means and enabling said second means 
when the current sensed by said sensing means 
exceeds a predetermined threshold current. 
65 54« The integrated circuit of claim 39, wherein the 
network of external components connected to the sec- 
ond function terminal includes a frequency compensat- 
ing capacitor. 
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55. The integrated .circuit of cUixn 40, wherein the 
network of cxtemal components connected to the sec* 
ond function terminal includes a frequency compensa- 
tion capacitor in series with a resistor. 

56. An integrated circuit for use in implementing a 5 / 
twitching voltage regulator providing a regulated out- 

put voluge. the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, and 10 
further having input and ground terminals for connec- 
tion to a source of input power, an output terminal for 
connection to external components adapted to convert 
the pulsed output of the switching transistor into the 
regulated output voltage, and first and second multi- 15 
function terminals for connection to external compo- 
nenu adapted to apply control signals to the multi-func- 
tion terminals, the integrated circuit comprising: 

first means responsive to control signals applied to 

the first multi-function terminal, said first means 20 

including at least two of: 

(a) means for controlling the duty cycle of the 
switching transistor when the integrated circuit 
is operating in a normal feedback mode, 

(b) means for programming the integrated circuit 23 
to operate in one of a normal feedback mode and 

a fully-isolated flyback mode, and 

(c) means for trimming a flyback voltage devel- 
oped across a winding of an external transformer 
when the integrated circuit operates in a fully- 30 
isolated flyback ooode; and 

second means responsive to control signals applied to 
the second multi-function terminal for performing 
at least two of: 

(a) frequency compensating the integrated circuit, 35 

(b) limiting peak current conducted by the switch- 
ing transistor, 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 

(d) shutting down the mtegrated circuit, whereby 40 
cxirrent drawn by the integrated circuit Is re- 
duced. 

57. The integrated circuit of claim 56, wherein said 
normal feedback mode controlling means includes: 

means for producing a first reference signal; 45 

means for generating a feedback mode error signal 
indicative of a difference between the first refer- 
ence signal and a feedback signal applied to the first 
multi-function terminal indicative of the magnitude 
of the regulated output voltage; SO 

means for comparing the feedback mode error signal 
to a signal indicative of the magnitude of current 
condn^ed by the switching transistor; and 

means responsive to said comparing means for turn* 
ing off the switching transistor when the current S5 
magnitude signal exceeds the error signal, whereby 
the duty cycle of the switching transistor is con- 
trolled as a function of the feedback signaL 

58. The integrated circuit of claim 56, wherein said 
programming means includes: 60 

means for controlling the duty cycle of the sv^tching 

transistor when the integrated circuit operates in a 

fully-isolated flyback mode; and 
means connected to the first multi-fv.nction terminal 

for sensing a mode-select signal at the first multi- 65 , 

function terminal and for responsivcly disabling 

said norma] feedback mode controlling means and 

enabling said flyback mode controlling means. 
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59. The integrated circuit of claim 58. wherein said 
flyback mode controlling means includes: 

means connected to the input and output terminals 
for receiving a flyback signal indicative of a volt- 

S age developed across the winding of the external 
transformer, and for generating a flyback mode 
error signal indicative of a difference between the 
flyback signal and a threshold signal level; 
meaiu for comparing the flyback mode error signal to 

10 a signal indicative of the magnitude of current 
conducted by the switching transistor; and 
means responsive to the output of said comparing 
means for turning off the switching transistor when 
the current magnitude signal exceeds the error 

15 signal* whereby the duty cycle of the switching 
transistor is controlled as a function of the flyback 
signal. 

60. The integrated circuit of claim 59, wherein said 
trimming means includes: 

20 means connected to the first multi-function terminal 
for sensing a trimming qontrol signal; and 
means connected to said trimming control signal 
sensing means and to said flyback mode error sig- 
nal generating means for trimming the magnitude 

25 of the threshold signal in response to the trimming 
control signal, thereby trimming the flyback volt- 
age. 

61. The integrated circuit of claim 56, wherein said 
second means includes: 

30 means for generating a signal bdicative of the magni- 
tude of current conducted by the switching transis- 
tor. 

means connected to at least one terminal of the inte* 
grated circuit for sensing a feedback signal indica* 
35 tive of the magnitude of at least one of the regu- 
lated outJ>ut voltage and the voluge developed 
across the winding of the external transformer, and 
for generating an error signal indicative of the 
difference between the feedback signal and a refer- 
40 ence signal; 

means for comparing the error signal to the current 
magnitude signal, and for turning off the switching 
transistor when the current magnitude signal ex- 
ceeds the error signal; and 
45 means for applying the error signal to the second 
multi-function terminal, whereby the magnitude of 
the error signal may be controlled by a itetwork of 
one or more external components connected to the 
second multi-function terminaL 
so 62. The integrated circuit of claim 61, wherein the 
network of cxterxud components connected to the sec- 
ond multi-function terminal includes a frequency com- 
pensating capacitor. 

63. The integrated circuit of claim 61, wherein the 
S5 network of external components connected to the sec- 
ond multi-function terminal includes a frequency com- 
pensation capacitor in series with a resistor. 

64. The integrated circuit of claim 61, wherein the 
network of external compooents connected to the sec- 

W ond muhi-function terminal prevents the error signal at 
the second multi-function terminal from exceeding a 
predetermined maximum level, thereby limiting to a 
miximum peak value the magnitude of current con- 
ducted by the switclung transistor. 

65 65. The integrated circuit of claim 62, wherein the 
network of external components establishes a predeter- 
mined maximum voluge at the second multi-functioo 
terminaL 
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€6, The integrated circuit of claim 61, wherein the 
network of external cotnponents connected to the sec* 
ond multi-function terminal variably controls the volt* 
age at the second multi-function terminal as a function 
of time, thereby variably limiting as a function of time 9 
the current conducted by the switching transistor. 

67. The integrated circuit of claim 66, wherein the 
network of external componcnu for variably control* 
ling the voltage at the second multi-function terminal 
includes: 10 

a resntor connected between a first node and a sec* 
ond node; 

a capacitor connected between the second node and 
the ground termiiial; and 

means connected between the second node and the 15 
second multi-function terminal for applying at least 
a portion of a voltage at the second node to the 
second multi- function terminal, such that the volt- 
age at the second multi-function terminal upon 
application of a voluge at the fu^t node grmduaDy 20 
increases with time lo gradually increase the cur- 
rent conducted by the switching transistor. 

68. The integrated circuit of claim 56. the integrated 
circuit further having voltage regulator circuitry for 
providing a regulated voltage to at least portions of the 25 
internal Circuitry, wherein said second means further 
includes: 

means for producing a second reference signal; 

means for comparing the second reference signal to a 
shutdown control signal applied to the second mul- 30 
ti-function terminal by the external components, 
and for generating a shutdown signal when the 
second reference signal and the shutdown control 
signal difTer by « predetermined amount; and 

means responsive to the shutdown signal for disabling 35 
at least the voltage regulator circuitry, thereby 
shutting down and reducing the current drawn by 
the integrated circuit. 

69. The integrated circuit of claim 68, wherein the 
shutdown control signal is a voltage, and wherein: 40 

said means for producing a second reference signal 
includes a diode having a first forward voltage 
drop; and wherein 

said comparing means includes a transistor having a 
base-emitter circuit connected between said diode 45 
and the second multi-function terminal, the base- 
emitter circuit having a second forward voluge 
drop which differs from the first forward voluge 
drop, and said transistor being adapted to disable 
the voluge regulator circuitry when the shutdown 50 
control signal voluge at the second multi-function 
terminal is less than the difference between the first 
and second forward volUge drops. 

70. An mtegrated circuit for use in implementing a 
switching voluge regulator providing a regulated out* 55 
put voluge, the integrated circuit having internal drive 
ciicu itry, a power switching transistor and control cir- 
cuitry for controlTing the on and off duty cycle of the 
switching transistor to produce a pulsed output, and 
further having input and ground terminals for ccnnec- 60 
tion to a source of input voluge and current, an output 
terminal for cormection to external componenU adapted 

to convert the pulsed output of the switching transistor 
intc the regulated output voluge, and first and second 
multi-function terminals for connection to external 65 
components adapted to apply control signals to the 
multi-function terminals, the integrated circtiit compris- 
ing: 
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first means resp6nsive to control signals applied to 
the first multi-runction terminal, said first means 
including: 

(a) means for controlling the duty cycle of the 
3 switching transistor when the integrated circuit 

operates in a norma] feedback mode, 

(b) means for programming the integrated circuit 
to operate in one of a normal feedback mode and 
a fuUy-isoUted flyback mode, and 

10 (c) means for trimming a flyback voltage devel* 
oped across a winding of an external transformer 
when the integrated circuit operates in a fully* 
isolated flyback mode; and 
lecond means responsive to control signals applied to 
IS the second multi-function terminal for: 

(a) frequency compensating the integrated circuit, 
tf- (b) limiting peak current conducted by the switch- 

ing transistor, 

(c) variably limiting current conducted by the 
20 switching transistor as a function of time, and 

(d) shutting down the integrated circuit, whfereby 
current drawn by the integrated circuit is re* 

( duced. 

71. An integrated circuit for use in implementing a 
23 switching voluge regulator providing a regulated out- 
put voltage, the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on ind off duty cycle of the 
switching transistor to produce a pulsed output, and 

30 further having input and ground terminals for connec- 
tion to a source of input voluge and current, an output 
terminal for connection to external components adapted 
to convert the pulsed output of the switching transistor 
into the regulated output voluge, and first and second 

33 multi-function terminab for connection to external 
components adapted to apply control signals to the 
multi-function terminals, the integrated circuit compris- 
inr 

first means responsive to control signals applied to 
40 the first multi-function terminal, said fust means 
including: 

(a) means for controlling the duty cycle of the 
twitching transistor when the integrated circuit 
operates in a normal feedback mode. 
43 (b) means for programming the integrated circuit 
to operate in one of a normal feedback mode and 
a fully-tsolated flyback mode, and 
(c) means for trimming a flyback voluge devel- 
oped across a winding of an external transformer 
30 when the integrated circuit operates in a fully- 

Isolated flyback mode; and 
second means responsive to control signals applied to 
the second multi-function terminal for: 
(a) frequency compensating the integrated circuit, 
33 (b) limiting peak current conducted by the switch- 
ing transistor, and 
(c) variably limiting current conducted by the 
switching transistor as a function of time. 

72. An integrated circuit for use in implementing a 
60 switching voluge regulator providing a regulated out- 
put voluge, the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, and 

63 further having input and ground terminals for connec- 
tion to a source of input voluge and current, an output 
temunal for connection to external components adapted 
to convert the pulsed output of the switching uan^tor 
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into the reguUted.output volUge. and first ajid second 
muUi-function tenninab for connection to externAl 
components adapted to apply control signals to the 
multi- function terminals, the Integrated circuit compris- 
ing: ^ 
fini meftns responsive to control signals applied to 

the first multi- function terminal, said first means 

including: 

(a) means for controlling the duty cycle of the 
switching transistor when the integrmted circuit 10 
operates in a nonnal feedback mode, and 

(b) means for programming the integrated circuit 
to operate in one of a nomal feedback mode and 
a fully-isolated flyback mode; and 

second means responsive to control signals applied to 
the second multi-function terminal fon 

(a) frequency compensating the integrmted circuit, 

(b) limiting peak current conducted by the switch- 
ing transistor, „ 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 

(d) shutting down the integrated circuit, whereby 
current drawn by the integrated /circuit is re- 
duced. 25 

73. An integrated circuit for use in implementing a 
switching voluge regulator providing a regulated out- 
put voltage, the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pidsed output, and 
further having input and ground terminals for connec- 
tion to a source of input voltage and ctirrent, an output 
terminal for connection to external components adapted 

to convert the pulsed output of the switching transistor 33 
into the regulated output volUge, and first and second 
function terminals for connectioo to external compo* 
nents adapted to apply control signals to the (\tnctioa 
terminals, the integrated circuit comprising: 

first means respoi&sive to a control signal applied to ^ 
the first ftmction terminal for controlling the duty 
cyde of the switching transistor as a function of the 
magnitude of the regulated output voluge; and 
second means responsive to control »gnals applied to 
the second function terminal fon 45 

(a) frequency compensating the mtegrated circuit, 

(b) limiting peak 

current conducted by the switching 

transistor, 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 30 

(d) shutting down the integrated circuit, wher^>y 
current drawn by the integrated circuit is re- 
duced. 

74. An integrated circuit for use tn implementing a 
switching voltage regulator providing a regulated out- 55 
pot voltage, the integrated circuit having internal drive 
circuitry power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, and 
further having input and ground terminals for coimec- 60 
tion to a source of input voltage and current, an output 
terminal for connection to external components adapted 

to convert the pulsed output of the switching transistor 
into the regulated output voluge, and first and second 
multi-function terminals for connection to external 65 
componenu adapted to apply conuol sigxuls to the 
multi'function terminals, the integrated circuit compris- 
ing: 
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first means responsive to control signals applied to 
the first multi-fbnctioo terminal, said first means 
including: 

(a) means for conuolling the duty cycle of the 
S switching transistor when the integrated circuit 

operates in a normal feedback mode, and 

(b) means for programming the integrated circuit 
to operate in one of a normal feedback mode and 
a ftilly-isolated flyback mode; 

10 second means responsive to control signals applied to 
the second multi-fbnction terminal for: 

(a) frequency compensating the integrated circuit, 

(b) limiting peak current conducted by the switch* 
ing transistor, and 

15 (c) variably limiting current conducted by the 
switching transistor as a function of time. 
75. An integrated circuit for use in implementing a 
switching voltage regulator providing a regulated out- 
put voluge, the integrated circuit having internal drive 
20 circuitry, a power switching transistor and control cir* 
ceitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, the 
integrated circuit comprising: 

at most five terminals for connection to external com- 
25 ponents, including input and ground terminals for 
connection to a source of input power, and output 
terminal for connection to external components 
adapted to convert the pulsed output of the switch* 
ing tran^tor into the regulated output voluge, and 
30 first and second multi-function terminals for con- 
nection to external componenu adapted to apply 
control signals to the multi-function terminals; 
first means responsive to control signals applied to 
the first multi-function terminal, said first means 
35 including at least two of: 

(a) means for controlling the duty cycle of the 
switching transistor when the integrated circuit 
b operating in a normal feedback mode, 
Cb) means for programming the integrated circuit 
40 to operate in one of a nomal feedback mode and 

a funy-bolated flyback mode, and 

(c) means for trimming a flyback voluge devel- 
oped across a winding of an external transformer 
when the integrated circuit operates in a fiiOy- 

45 ts^ted flyback mode; and 

second means responsive to control signals applied to 
the second multi-function terminal for performing 
at least two of: 

<a) frequeikcy compensating the integrated circuit, 
50 (b) finsiting peak current conducted by the switch- 
ing transistor, 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 

(d) shutting down the integrated circuit, whereby 
55 current drawn by the integrated circuit b re* 

duced. 

74. An integrated circuit for use in implementing a 
switching voluge regulator providing a regulated out* 
put voltage, the integrated circuit having internal drive 
60 circuitry, a power switching transistor and control cir* 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, the 
integral^ circuit comprising: 

at most five terminals for connection to external com* 
65 ponents, including input and ground tcrminab for 
connection to a source of input power, an output 
terminal for connection to external components 
adapted to convert the pulsed output of the switch- 
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ing transistor into the regulated output voluge, and 
fint and second multi-function terminals for con* 
nection to external components adapted to apply >j * 
control signals to the multi-function terminals; 
Tint means responsive to control signals applied to S 
the first multi-ftinctioQ terminal, said first means 
including: 

(a) means for controlling the duty cycle of the 
switching transistor when the integrated circuit 

is operating in a normal feedback mode, 10 

(b) means for programming the Inugnted circtiit 
to operate in one of a noma! feedback mode and 
a fuOy-isolated flyback mode, and 

(c) ( means for trimming a flyback voluge devel* 
oped across a winding of an external transformer 15 
(when the integrated circuit operates in a fully* 
isolated flyback mode, and 

second means responsive to control signals applied to 
the second multi-function terminal for: 

(a) frequency compensating the integrated circuit, 20 

(b) limiting peak current conducted by the swiph* 
ing transistor, 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 

(d) shutting down the integrated circuit, whereby 25 
current drawn by the integrated circuit b re- 
duced. 

77. An integrated circuit for use in implementing a 
switching voluge regulator providing a regulated out- 
put voltage, the integrated circuit having internal drive 30 
circtiitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a ptilsed output, the 
integrated circuit comprisinf: 

at most Ave terminals for connection to external com- 35 
ponents, including m^X and ground terminals for 
connection to a source of input power, an output 
terminal for connection to external componenu 
adapted to convert the ptilsed output of the switch- 
ing transbtor into the regulated output voluge, and 40 
first and second multi-function terminals for con- 
nection to external componento adapted to ^ply 
control signals to the multi-lunction terminals; 

first means responsive to control signals applied to 
the first multi-functioQ terminal, said fint means 45 
including: 

(a) means for controlling the duty cycle of the 
switching tranustor when the integrated circuit 
b operating in a i>onnal feedback mode, 

(b) means for programming the integrated circuit 50 
to operate in one of a normal feedback mode and 

a fully-isolated flyback mode, and . 

(c) means for trimming a flyback voltage devel- 
oped across a winding of an external transformer 
when the integrated circuit operates in a fully- 55 
isolated flyback mode; and 

second means responsive to control signals applied to 
the second multi-function terminal for performing 
at least two of: 

(a) frequency compemating the integrated circuit, 60 

(b) limiting peak current conducted by the switch- 
ing transistor, and 

(c) variably limiting current conducted by the 
switching transbtor as a function of time. 

78. An integrated circuit for lue in implementing a 65 
switching voluge regulator providing a regulated out- 
put voluge, the integrated circuit having inumal drive 
circuitry, a power switching transbtor and control cir- 
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cuitf7 for controlling the on and ofT duty cycle of the 
switching transisto/ (o produce a pulsed output* the 
integrated circuit comprising: 
at most five terminals for connection to externa] com* 
) ponents, including input and ground terminab for 
connection to a source of input power, an output 
terminal for connection to external components 
adapted to convert the pulsed output of the switch* 
ing transistor into the regulated output voltage, and 
10 first and second multi-function terminals for con- 
nection to external components adapted lo apply 
control signals to the multi-function terminals; 
fint means responsive to control signals applied to 
the first multi-function terminal, said first means 
^' including at least two of: 

(a) means for controlling the duty cycle of the 
switching transistor when the integrated circuit 
is operating in a normal feedback mode, and 

(b) means for programming the integrated circuit 
^ to operate in one of a normal feedback mode and 

a fully-isolated flyback mode; and 
second means responsive to control simals applied to 
the second multi-function terminal for performing 
^ at least two of: 

(a) frequency compensating the integrated circuit, 

(b) limiting peak current conducted by the switch- 
ing transistor, 

(c) variably limiting current conducted by the 
switching transistor as a function of time, and 

(d) shutting down the integrated circuit, whereby 
current drawn by the integrated circuit b re- 
duced. 

79. An integrated circuit for use in implementing a 
35 switching voltage regubtor providing a regubted out- 
put voltage, the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
switching transistor to produce a pulsed output, the 
40 integrated circuit comprising: 

at most five terminab for connection to external com- 
ponents, including input and ground terminab for 
connection to a source of input power, an output 
terminal for connection to external compoitentt 
45 adapted to convert the pulsed output of the switch- 
ing transistor into the regubted output voltage, and 
first and second fixnction terminab for connection 
to external components adapted to apply control 
signab to the (unction terminals; 
50 fi'st means responsive to control signab applied to 
the first function terminal for controlling the duty 
cycle of the switching transutor as a function of the 
magnitude of the regulated output voluge; and 
second meam responsive to control signab applied to 
55 the second function terminal for: 

(a) frequency compensating the integrated circuit, 
(!o) limiting peak current conducted by the switch- 
ing transistor, 

(c) variably limiting current conducted by the 
60 switching transistor as a function of time, and 

(d) shutting down the integrated circuit, 

[where] whereby 

current drawn by the integrated circuit b re- 
duced. 

M. An integrated circuit for use in implementing a 
65 switching voltage regubtor providing a regulated out- . 
put voltage, the integrated circuit having internal drive 
circuitry, a power switching transistor and control cir- 
cuitry for controlling the on and off duty cycle of the 
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switching transistor to produce a pulsed output, the 

integrated circtiit comprising: 

at most Ave lenninaJs for connection to external com* 
ponents, including input and ground terminals for 
connection to a source of input power, an output 3 
terminal for connection to external componentt 
adapted to convert the pulsed output of the switch* 
ing transistor into the regulated output voluge. and 
first and second multi-function terminals for con* 
nection to external components adapted to apply 10 
control signals to the multi-function terminals; 
Am means responsive to control stgiuJs applied to 
the first multi-function terminal, said first means 
including: 

(a) means for controlling the duty cycle of the IS 
switching transistor when the integrated circuit 

is operating in a normal feedback mode, and 

(b) means for programming the integrated circuit 
to operate in one of a noiml feedback mode and 

a fully-isolated flyback mode; and 20 
second means responsive to control signals applied to 
the second multi-function terminal for performing 
at least two of: 

(a) frequency cdmpensating the integrated circuit, 

(b) limiting peak current conducted by the switch* 23 
ing transistor, and 

(c) variably limiting current conducted by the 
switching transistor as a function of time. 

81. An integrated circuit capable of implementing a 
current-mode normal feedback switching voltage regu* 30 
lator and a cunent-mode fully isolated flyback switch- 
ing voltage regulator, the integrated circuit having a 
switching transistor, circuitry for driving the switching 
transistor, and control circuitry for controlling the on 
and off duty cycle of the switching transistor to pro- 33 
duce a pulsed output, the integrated circuit comprising: 

at most five terminals for connection to external com- 
ponents, including: 
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(ft) input and ground terminals, connected to the 
integrated circuitry, for connection to a source 
of input voluge and current; 

(b) an output terminal, connected to the switching 
transistor, for connection to external compo* 
nents adapted to convert the pulsed output of the 
switching transistor into the regulated output 
voluge; 

(c) a ftrst multi-function terminal responsive to 
control signals applied by ,external componenu 
connected to the first aaulti*function terminal for 
performing at least two functions selected from 
the group of: 

(1) controlling the duty cycle of the switching 
transistor when the integrated circuit is oper* 
ating in a normal feedback mode, 

(2) programming the integrated circuit to oper- 
ate in one of a normal feedback mode and 
Mly-isolated flyback mode, and 

(3) trimming a flyback voluge developed across 
a winding of an external transformer when the 
integrated circuit operates in a fully-isolated 
flyback mode; and 

(d) a second multi-function terminal, responsive to 
control signals applied by external components 
connected to the second multi-function terminal, 
for performing at least two functions selected 
from the group of: 

(1) frequency compensating the integrated cir- 
cuit, 

(2) limiting peak current conducted by the 
switching transistor, 

(3) variably limiting current conducted by the 
switching transistor as a function of time, and 

(4) shutting down the integrated circuit, 
whereby current drawn by the integrated cir- 
cuit b reduced. 
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82 . An integrated circuit: for iLinplemeiTtinCT a 
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current-mode switching voltage regulator circuit by/ 
connecting the integrated circuit to external / 
components, the integrated circuit comprising; 

at most five terminals, said teifminals 
comprising input and ground terminals for connecting 
the integrated circuit to a source of input /voltage and 
current, an output terminal for connecting/the 
integrated circuit to an external inducti/ve or 
transformer load, a feedback terminal fdr receiving an 
external feedback signal proportional jco the regulated 
output voltage of the switching regulator, and a 
compensation terminal for connection^ to an external 
frequency compensation network; 

a power switching l/ransistor having its 
collector-emitter circuit coupleca to conduct a current 
between the output terminal and/ the ground terminal; 

means coupled xJo the switching 
transistor for varying the on and off duty cycle of the 
switching transistor in response to a control signal; 

means including a resistive element 
coupled in series with th/fe collector-emitter circuit of 
the switching transistor/ for generating a current sense 
signal indicative of tl]4 current conducted by the 
switching transistor ; 

means /for generating an error signal 
indicative of a difference between the feedback signal 
and a reference signal ; 

me^ns for coupling the error signal to 
the compensation/ terminal; and 

Cleans for comparing the current sense 
signal to the y^rror signal and for generating the 
control signarl to turn off the switching transistor 
when the current sense signal compares in a 
predetermined manner to the error signal to vary the 
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duty cycle of the switctwlia transistor to produce the 



wherein the control ^sdanal is generated when the 
current sense ^d^gnal equals or exceeds the error 
s i f:xri^^\^^^^ 

84 . The integrated circuit of claim 82 
further comprising; 

means responsive to control signals 
applied to the compensation terminal for performing at 
least one of : 

fa) limiting peak current conducted by 
the switching transistor, 

(b) variably limiting current conducted 
by the switching transistor as a function of time, and 

(c) shutting down the integrated 
circuit, whereby current drawn bv the integrated 
circuit is reduced. 
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The integrated circuit of claim 82, 




